Objective: To compare changes in weight in obese patients who received long-acting octreotide (octreotide LAR) at one of three dose levels (20, 40, or 60 mg) or placebo over 6 months and to identify the lowest dose of octreotide LAR that safely achieved optimal weight loss. Design: Randomized, double-blind, placebo-controlled trial of octreotide LAR at three dose levels. Patients: A total of 172 adults (28 men and 144 women) with at least moderate obesity (body mass index (BMI) range 30-65 kg/m 2 ) and evidence of insulin hypersecretion were enrolled. Patients were predominantly either Caucasian (50.0%) or African American (45.3%). The mean age (38711 year), weight (110.7723 kg), and BMI (39.876.5 kg/m 2 ) were similar across the four treatment groups. Measurements: Efficacy measures included weight, BMI, fasting serum glucose; triglycerides; percentage of total body fat and abdominal fat as measured by dual-energy X-ray absorptiometry; skin fold thickness; waist-to-hip circumference; leptin; percentage of carbohydrates, fat, and protein ingested; nutritional evaluation (including dietary analysis -3-day food record); quality of life (QoL; using the Impact of Weight on Quality of Life-Litet); Beck Depression Inventory; and Carbohydrate Craving Questionnaire. Safety measures included medical history, vital signs, physical examinations, hematology, blood chemistries, thyroid function tests, hemoglobin A1c, gallbladder ultrasound, electrocardiograms, and adverse events. Results: After 6 months of treatment, patients receiving 40 or 60 mg of octreotide LAR experienced statistically significant weight loss compared to baseline, with mean differences from placebo in percent weight change of À1.98 and À1.87%, respectively. This finding was accompanied by statistically significant mean decreases in BMI compared to baseline, that is, a mean decrease of 0.73 and 0.79 kg/m 2 for the 40 and 60 mg treatment arms, respectively. The observed weight loss was progressive during the 6-month treatment in the two higher dose groups. The lowest dose to reach statistical significance in weight loss after 6 months' treatment was 40 mg. Post hoc analysis revealed a 3.5-3.8% weight loss at month 6 in the two higher dose groups among Caucasian patients having insulin secretion greater than the median of the cohort, defined as CIR gp (corrected insulin response at the glucose peak) X1.43. There were no statistically significant changes in QoL scores, body fat, leptin concentration, Beck Depression Inventory, or macronutrient intake. Mean changes of blood glucose AUC 0-180 min during an oral glucose tolerance test in patients taking octreotide LAR were 39-40 mg/dl h higher than those on placebo. A total of 7-21% of the patients taking octreotide LAR reached a 5% or greater decrease in body weight from Baseline, compared to 11% for the placebo group. This was not statistically significant. The most common adverse events included diarrhea, headache, cholelithiasis, nausea, and abdominal pain. Conclusion: Octreotide LAR given at 40 or 60 mg resulted in statistically significant weight loss. A post hoc analysis stratifying patients by race and CIR gp indicated that Caucasian patients with the greater degree of insulin hypersecretion appeared to
Introduction
Obesity is one of the most common public health problems in the United States, affecting approximately 33% of adults. 1 It is defined as the pathologically excessive accumulation of body fat, which occurs when energy intake exceeds energy expenditure. Obesity is associated with a number of medical risks including insulin resistance and the development of type 2 diabetes mellitus, hypertension, hyperlipidemia, gallbladder disease, coronary artery disease, some forms of cancer, degenerative joint disease, and obstructive sleep apnea. [2] [3] [4] Obese patients may also develop a poor self-image, which can lead to low self-esteem and clinical depression. 5 Treatments for obesity include dietary modification, exercise, pharmacotherapy, and bariatric surgery. [6] [7] [8] Obesity is a dysregulation of the negative feedback energy balance pathway. 9 Insulin is a component of the efferent pathway, promoting storage of energy substrate in adipose tissue. [10] [11] [12] Although obesity is routinely associated with insulin resistance, it has previously been shown that a subset of children who develop intractable obesity after treatment for brain tumors, termed 'hypothalamic obesity', exhibit insulin hypersecretion in response to oral glucose tolerance test (OGTT) due to excessive vagal stimulation of the b-cell.
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The vagus nerve increases insulin secretion by three mechanisms: opening of a sodium channel, which increases b-cell depolarization and widens the voltage-gated calcium channel resulting in greater calcium influx; stimulation of phospholipase C, which increases insulin exocytosis; and stimulation of intestinal glucagon-like peptide-1 (GLP-1), which binds to the b-cell membrane, stimulates adenyl cyclase, and increases insulin secretion. 14 Insulin secretion can be assessed from an OGTT using the index variable corrected insulin response at the glucose peak (CIR gp ). 15 Octreotide is a synthetic, eight-amino-acid analogue of the natural hormone somatostatin. Like somatostatin, octreotide limits b-cell insulin secretion by inhibiting the G 0 protein associated with the widening of the voltage-gated calcium channel. 16 Octreotide also inhibits secretion of gastric acid, pancreatic enzymes, and bile, prolongs intestinal transit time, and decreases gallbladder contractility. Both somatostatin and octreotide inhibit the release of pituitary and gastroenteropancreatic hormones such as growth hormone (GH), thyroid stimulating hormone (TSH), glucagon, cholecystokinin (CCK), vasoactive intestinal peptide (VIP), gastrin, and ghrelin. 17, 18 Octreotide acetate (Sandostatin s ; Novartis, East Hanover, NJ, USA) is normally administered subcutaneously, three times per day.
The long-acting formulation of octreotide (octreotide LAR; Sandostatin LAR s Depot; Novartis) is administered intramuscularly once a month.
Octreotide has previously been shown in both pilot 19 and placebo-controlled 20 trials to be effective in reducing insulin secretion, weight, and body mass index (BMI) in children with hypothalamic obesity. Suppression of insulin secretion in these children correlated with the observed reductions in weight, and with improved quality of life (QoL). A subpopulation of obese adults without cranial pathology also exhibit insulin hypersecretion, as characterized by a rapid rise in serum insulin during the first 30 min of an OGTT. In a pilot study, 21 suppression of insulin secretion was achieved after 24 weeks of treatment with 40 mg of octreotide LAR and was associated with loss of body weight and fat mass in a subgroup of obese adults. The design of this study is based on the hypothesis that some obese adults with insulin hypersecretion diagnosed via their CIR gp value during an OGTT would respond to insulin suppression using octreotide LAR by losing weight without behavioral intervention. We herein report the results of a randomized, double-blind, placebo-controlled, dose-finding clinical trial of octreotide LAR as a weight-reduction agent in obese adults with insulin hypersecretion.
Patients and methods

Patient population
This study was conducted in accordance with the Declaration of Helsinki 22 treatment period to prevent cholelithiasis once they started their first dose of study medication. Unused ursodiol tablets were collected and counted each month to ensure compliance. Patients returned for five monthly visits for weight checks and to receive study medication, and attended a final follow-up visit 30 days after the sixth dose of study medication (month 6) for repeat OGTT, gallbladder ultrasound, and measurement of safety parameters.
Adverse events and concomitant medications were monitored throughout the study. QoL was assessed using the Impact of Weight on Quality of Life-Litet (IWQoL-Lite) questionnaire. 24 Patient-reported outcomes were assessed using the Beck Depression Inventory and the Carbohydrate Craving Questionnaire. DEXA scan was performed on patients less than 137 kg to document percentage body fat. Dietary analysis consisting of a 3-day retrospective food record was also performed at months 3 and 6.
Laboratory evaluations
Laboratory tests were performed by a central laboratory (CRL, Kansas City, MO, USA) at months 0, 3, and 6, and included a complete blood count, blood chemistries (including alkaline phosphatase, total bilirubin, aspartate aminotransferase (AST), alanine aminotransferase (ALT), electrolytes, BUN, creatinine, cholesterol, triglycerides, and glucose), urinalysis, plasma leptin, thyroid function tests (TSH and FT4), hemoglobin A1c (HbA1c), and a 3-h OGTT with simultaneous insulin levels.
Statistics
The data set for the analysis of safety data consisted of all patients who received at least one dose of study medication (safety population). The data set for the efficacy analysis consisted of all patients who received at least one dose of study medication and attended at least one post medication visit (efficacy-evaluable (EE) population). Discrete variables were summarized by frequencies and percentages. For analysis involving discrete variables, treatment groups were compared using Pearson's chi-square test. Continuous variables were summarized by mean, standard deviation, median, and range. For analysis of continuous variables, treatment groups were compared using one-way analysis of variance (ANOVA) with treatment group as the factor. All statistical tests were two-sided. P-values less than 0.05 were considered significant. For the percent change from baseline in weight, missing data were imputed using the method of last-observationcarried-forward (LOCF). A repeated measures analysis with treatment group at each visit and center as fixed effect and patient as random effect was used to describe the data. A generalized estimating equation method was used for data analysis. Treatment groups were compared using contrasts in the model. The percent change from baseline was tested against zero by t-test. To identify the lowest effective dose, a step-down dose-finding procedure based on linear contrast was employed. 25, 26 For BMI, leptin, Beck Depression Inventory, carbohydrate craving, QoL, and waist-to-hip circumference, we used analysis of covariance (ANCOVA) with baseline measurement as a covariate and treatment group and center as factors and a baseline measurement by treatment group interaction term included in the model. For these variables, missing data were not imputed. QoL data were transformed prior to analysis according to the following formula:
transformed score ¼ðmaximum theoretical score À actual score=test score rangeÞÂ100
The transformation inverts the score so that a declining transformed score reflects an improving QoL and an increasing transformed score reflects a worsening QoL.
Responders were defined as patients who demonstrated a weight loss X5% of their baseline weight. The proportion of responding patients in each treatment group was compared using logistic regression. Between-group comparisons for the percent change from baseline in the total body fat and abdominal fat at month 6, and the change from baseline in the percentage of carbohydrates, fat, and protein ingested were made using an ANOVA model with treatment group and center as factors and a treatment group by center interaction term. For these variables, missing data were not imputed.
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In order to determine which racial and insulin secretion subgroup benefited most from octreotide LAR therapy, we performed post hoc analyses based on race (Caucasian, nonCaucasian) and CIR (high, low). High CIR gp was defined as CIR gp X1.43, and the median and low CIR gp was defined as CIR gp o1.43. Analyses were performed for Caucasians with high CIR gp and Caucasians with low CIR gp . The same repeated measures model and the generalized estimation equation approach as described above were used for the analyses. Similar analyses were performed for non-Caucasians with high or low CIR gp .
Results
Patient disposition
Initial screening of 756 obese patients yielded 216 (28%) who exhibited a CIR gp X1. 0. Of these, 172 passed the other inclusion criteria. These 172 patients were randomized to one of the four treatment arms. There were 28 (16.3%) male and 144 (83.7%) female patients. All 172 enrolled patients were included in the safety analysis and 169 of them were included in the efficacy analysis. Three patients were excluded from efficacy analysis because they did not complete any postbaseline evaluations. Demographics and study disposition are presented in Tables 1 and 2 . Patients were predominantly Caucasian (50%) or African American (45%). No statistically significant differences in age (mean 36-40 years) or number of patients (n ¼ 42-44) were observed across the four treatment arms. The number of patients completing the study in each arm was 66% (placebo), 69% (octreotide LAR 20 mg), 81% (octreotide LAR 40 mg), and 77% (octreotide LAR 60 mg). The most common reasons for patients discontinuing the study included withdrawal of consent (11%), adverse event (6%), and loss to follow-up (6%). More patients in the placebo and 20 mg groups 
Octreotide in obesity with insulin hypersecretion RH Lustig et al withdrew their consent (18 and 17%, respectively) than did patients in the 40 and 60 mg groups (5% each).
Extent of exposure
The distribution of patients by number of doses of study drug received is presented in Table 3 . The mean number of doses of study medication was similar across the treatment groups (mean 5.0-5.4). No patients missed their scheduled dose of study medication.
Drug efficacy
Changes in weight and BMI. The results for weight and BMI are presented in Tables 4a and b . There were no statistically significant differences in weight or BMI between the treatment groups at baseline. Patients receiving octreotide LAR 40 or 60 mg experienced statistically significant withingroup mean percent decreases in weight at month 6 compared to month 0 (Table 4a ). The between-group differences in mean percent weight change at month 6 were also statistically significant (P ¼ 0.042, ANOVA). The difference in mean percent change in body weight between the 40 mg treatment arm and the placebo group was À1.98% and the difference between the 60 mg treatment arm and the placebo group was À1.87%. According to the linear contrast model, 40 mg of octreotide LAR was the lowest dose at which a statistically significant difference from placebo was observed.
Patients receiving 40 or 60 mg of octreotide LAR experienced a statistically significant mean decrease in BMI from baseline at month 6 (Table 4b ). The mean change from baseline was negative in all three of the octreotide-treated groups. Comparison of the four treatment groups showed a trend indicating weight loss in the octreotide LAR groups (P ¼ 0.052).
Frequency of responders. Responders were defined as patients who lost X5% of their baseline body weight during the study. By this definition, five (11.4%) patients in the placebo group, three (7.3%) patients in the octreotide LAR 20 mg group, five (12.5%) patients in the 40 mg group, and nine (20.5%) patients in the 60 mg group responded to the study medication. According to the logistic regression analysis, the between-group differences in the frequency of responders were not statistically significant. h P-value for within-group change from baseline based on t-test. Octreotide LAR meanÀplacebo mean (adjusted mean change from baseline based on ANOVA).
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Post hoc analysis of the role of race and CIR gp in predicting response. A pilot study 21 indicated that most responders were Caucasian and that the degree of insulin secretion correlated with the weight-loss response. More recently, Preeyasombat et al. 27 performed 3-h OGTTs in 113 non-diabetic obese children and found that Caucasian children exhibited lower CIR gp than African-Americans. We therefore performed a post hoc analysis of response based on race and CIR gp in this study. As shown in Table 5 , Caucasians experienced statistically significant weight loss at month 6 (P ¼ 0.0284, ANOVA), whereas non-Caucasians did not. Table 6 presents the results for the subgroups of patients within each racial group who had CIR gp greater than or equal to the median of the cohort (1.43) or less than the median. Both CIR gp subgroups of Caucasians had significant changes in weight at month 6, while similar subgroups of non-Caucasians did not. A dose-response relationship was explored by using the step-down procedures. This statistical model showed that the dose-response relationship was significant for the 60 mg octreotide LAR group (P ¼ 0.046) for Caucasians with CIR gp X1.43 and also for all three octreotide LAR dose groups for Caucasians with CIR gp o1.43 (Pp0.0278).
Impact of weight change on quality of life (IWQoL).
Results for the IWQoL (total score) at month 6 are presented in Table 7 .
There was a statistically significant mean change from baseline in QoL total score in the octreotide LAR 40 mg group at month 6 but the differences were not statistically significant among the treatment groups. The difference in mean change from baseline between the 40 mg group and placebo was À8.06.
Results for the QoL subscores at month 6 are summarized in Table 8 . Statistically significant changes from baseline in the mean score were observed for the QoL subscore categories of physical function (octreotide LAR 40 mg), SelfEsteem (octreotide LAR 20 and 40 mg), and for sexual life, public distress, and work (each for octreotide LAR 40 mg) but the only category to display a statistically significant difference among the treatment groups at month 6 was sexual life. There were not enough responders to analyze the QoL subscores by responder status.
Effects on appetite, nutrition, body composition, and depression. Carbohydrate craving was reduced in all three octreotide LAR-treated groups compared to baseline and the between-group mean changes were statistically significant compared to placebo at month 6 (data not shown). Despite this, there were no consistent statistically significant withingroup or between-group differences in the percent of calories from protein, fat, or carbohydrate in any treatment group (data not shown).
There were no significant changes in the amount of total body or abdominal fat, leptin concentration, or Beck Depression Total Inventory score (data not shown).
Safety
Effect on glycemia during OGTT. Patients underwent a 3-h OGTT at the screening visit and at months 3 and 6. The results for month 6 are presented in Table 9 . Compared to the values obtained at screening, the mean peak blood glucose concentrations after oral glucose challenge were P-value for between-group differences in mean percent change from baseline based on ANOVA. b P-value for within-group difference in mean percent change from baseline based on t-test. Confidence interval for differences in within-group mean percent change from baseline.
d Octreotide LAR meanÀplacebo mean (adjusted mean percent change from baseline based on ANOVA). e Confidence interval for difference between octreotide LAR treatment group and placebo for percentage change from baseline based on the adjusted means from the ANOVA.
f P-value for difference from placebo based on linear contrasts model.
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RH Lustig et al significantly elevated in patients receiving octreotide LAR. The mean change from baseline in glucose AUC 0-180 min at month 6 in the three octreotide LAR-treated groups was 39-40 mg/dl h higher than placebo and the difference between the groups was statistically significant (P ¼ 0.0028). At month 6, small statistically significant mean changes from baseline were seen in HbA1c levels for all octreotide LAR-treated groups (mean change 0.17-0.23%). Five octreotide LAR-treated patients had elevated (i.e., 47%) HbA1c levels during treatment; all values were o10% and none were associated with adverse events.
Adverse events and complications. There were no deaths during the study. The most common adverse events (i.e., affecting X10% of any treatment group) are presented in Table 10 .
Most adverse events were gastrointestinal in nature. Only two adverse events, diarrhea and cholelithiasis, appeared to be more common in octreotide LAR-treated groups than the placebo group, while nausea and fatigue appeared to be more common in the placebo group (Table 10 ). There were 15 cases (35.7%) of diarrhea in the octreotide LAR 20 mg group, 12 cases (28.6%) in the octreotide LAR 40 mg group, and 13 cases (29.5%) in the octreotide LAR 60 mg group, compared to eight cases (18.2%) in the placebo group. Cholelithiasis appeared to be somewhat dose dependent, being observed in three (6.8%) patients in the placebo group, five (11.9%) patients in the octreotide LAR 20 mg group, four (9.5%) Adjusted mean based on the least squares mean from the ANOVA. Transformed IWQoL score. b P-value for between-group differences in the change from baseline based on ANCOVA.
c Observed values. d P-value for within-treatment group change from baseline based on t-test. e Confidence interval for within-treatment group change from baseline. f Octreotide LAR meanÀplacebo mean (adjusted mean change from baseline based on ANOVA).
g Confidence interval for difference in the change from baseline between octreotide LAR treatment group and placebo.
Octreotide in obesity with insulin hypersecretion RH Lustig et al patients in the octreotide LAR 40 mg group, and eight (18.2%) patients in the octreotide LAR 60 mg group. All other adverse events occurred with similar frequency across all treatment groups.
A total of 11 patients experienced adverse events resulting in discontinuation of treatment including three (6.8%) patients in the placebo group (one patient with cholelithiasis, one patient with disturbance in attention, and one patient with injection site pain and hypertrophy), two (4.8%) patients in the 20 mg group (one patient with diarrhea and one patient with depression), four (9.5%) patients in the 40 mg group (two patients with diarrhea, one patient with pregnancy, and one patient with cholangiectasis), and two (4.5%) patients in the 60 mg group (one patient with abdominal pain and one patient with diarrhea, fatigue, nausea, and vomiting).
Of the 20 patients who experienced adverse events of cholelithiasis, in only two cases were the events reported as serious, one of which resulted in a cholecystectomy (octreotide LAR 60 mg group).
Local injection site reactions to octreotide LAR, such as local pain, swelling, or rash, were rare and were usually mild and of short duration. The only local adverse event to occur in more than 10% of patients in any treatment group was injection site pain, which was observed in five patients in the placebo group, four patients in the octreotide LAR 20 mg group, three patients in the octreotide LAR 40 mg group, and four patients in the octreotide LAR 60 mg group. Only two of these events were considered severe (placebo and octreotide LAR 20 mg groups).
Discussion
Obese patients receiving octreotide LAR i.m. on a monthly basis for 6 months lost weight compared to placebo. The mean weight loss across the entire cohort ranged from À1.03 to À1.98% of the baseline weight (i.e., 1-2 kg) depending on the dose. The lowest dose of octreotide LAR associated with statistically significant weight loss was 40 mg. The weight P-value for between-group differences in the change from baseline based on ANCOVA.
C Observed data.
d P-value for within-treatment group change from baseline based on t-test. Octreotide in obesity with insulin hypersecretion RH Lustig et al loss observed in this study was less than that seen in a pilot, open-label study, 21 in which subjects with insulin hypersecretion (high CIR gp ) lost up to 10% of their initial body weight in 6 months. Unfortuntately, the sample sizes in this current study are too small to draw meaningful conclusions with respect to race by CIR gp subgroup analyses. Since the current study focused on patients with a baseline CIR gp of 41.0, future studies might target patients with a higher range of baseline CIR gp . Also, since the weight loss observed in this study was progressive out to 6 months of treatment, future studies might also continue for longer than 6 months ( Figure 1 ). Caucasian patients with higher CIR gp responded better to insulin suppression than Caucasians with lower CIR gp , or non-Caucasians. This finding is similar to the pilot study 21 in which octreotide appeared to act by suppressing insulin secretion; those with insulin hypersecretion exhibited a greater weight reduction in response to therapy. Although the reason for the racial dichotomy is not known, we propose several hypotheses. African Americans exhibit markedly increased levels of GLP-1 compared to Caucasians. 28 GLP-1 is a potent insulinotropic peptide. It binds to GLP-1 receptors on the b-cell membrane to activate adenyl cyclase; the resultant intracellular cAMP activates protein kinase A, which liberates calcium from the endoplasmic reticulum (in which it was sequestered), which promotes insulin exocytosis. 29 This pathway is unresponsive to suppression of the voltage-gated calcium channel by octreotide, and could account for the relative lack of effect of octreotide in African Americans. 30 Alternatively, African Americans exhibit reduced hepatic insulin clearance; 31,32 thus, insulin levels drop only marginally in response to insulin suppression, 21 which could abrogate octreotide's effect on hyperinsulinemia. Lastly, obese African Americans have been shown to possess greater subcutaneous and less visceral fat than their Caucasian counterparts matched for BMI. 33 Perhaps insulin suppression has a dichotomous effect on these two fat compartments. Previous studies in pediatric hypothalamic obesity demonstrated improved QoL and a correlation between improvement in QoL and the degree of insulin suppression. 20 In the present study, we also observed statistically significant improvement in QoL as measured by the IWQoL-Lite in the octreotide LAR 40 mg group. The 60 mg group also exhibited some improvement but this was not statistically significant. Mean HbA1c levels in patients receiving octreotide LAR rose by 0.2% and were independent of dose while they were essentially unchanged in the placebo group.
The incidences of common adverse events (i.e., diarrhea, headache, cholelithiasis, nausea, and abdominal pain) were Octreotide in obesity with insulin hypersecretion RH Lustig et al similar to those previously reported in patients taking octreotide LAR. 34 A total of 11 patients discontinued the study due to adverse events but the numbers of such events in each of the treated groups were similar to placebo. In previous studies, gallstones have been reported in 15-30% of long-term recipients of octreotide LAR. 35 The incidence of gallstones in patients taking octreotide LAR was 10-18%, compared to an incidence of 7% in the placebo group, and appeared to be dose dependent. The incidence of cholelithiasis in the present study was lower than in the previous studies, possibly because patients were screened for gallstones prior to study entry and took prophylactic Actigall s during the study. Obesity is a syndrome with multiple causes. This study was designed to specifically evaluate the effect of insulin suppression in a subset of obese patients with insulin hypersecretion. The results show that patients who were treated with octreotide LAR experienced a slow and progressive weight loss and improved QoL. A cost-benefit analysis of the rationale for such therapy is premature; however, the results of this study argue that suppression of the b-cell is a potential target of obesity pharmacotherapy. Longer-term studies in this target population will be required to determine whether insulin-suppressing therapy with octreotide LAR will provide an effective treatment for pediatric and adult obesity due to insulin hypersecretion.
